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: NOTATION

g A (subscript) Refers to an arbitrary point in the buoy

é

2 B (subscript) Refers to the pressure transducer

y : D, Distance between points A and B in the

2 fore-aft plane
;g D2 Distance between points A and B in the

4 athwartship plane

q X Longitudinal direction

.§ y Vertical direction

A

I3 z Transverse direction

‘i X diff, Y diff, X diff Change in relative coordinates between points
; A and B when the buoy moves from a zero-pitch
5 zero~-roll angle to some arbitrary attitude

Coordinate system fixed to the buoy with the

X-Y~Z system
X-direction parallel to the buoy keel

R AT

Bt

Coordinate system fixed in inertial space with

Xl—Yl—Zl system
the X~direction parallel to the natural horizon

i A%, AY, AZ Relative coordinates between points A and B

9 in the X~Y-Z coordinate system

3 1 1 .1 ,

4 AXT, AY, AZ Rela*ivelcoirdinates between points A and B

4 in the X"-Y"~Z" coordinate system

f; a Angle between the Xl direction and the buoy keel
- (buoy pitch angle)

3 8 Angle between the X1 direction and the line

. between points A and B

g $ Angle between the Z direction and the line

. between points A and B

'g ¢ Angle between Zl direction and the buoy upper
o surface

; P Angle between the Z1 direction and the line

3 between points A and B

4 B Angle between the X direction and the line

between points A and B
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ABSTRACT

Various pressure gages were experimentally evaluated
for potential use as depth sensors in submarine communica-
tions buoys. Accuracy, hysteresis and linearity were de-
termined over a temperature range as well as under simulated
long-term cycling, The effect of depth-gage mounting
location on communications and navigational accuracy is
analyzed, and methods of overpressure protection for shallow-
depth gages are discussed. Results indicate that the AERO-~
MECHANISM, SENSOTEC, and CONRAC gages are the best candidates
for buoy applications. The mounting location of the depth-
gage can adversely affect the navigational accuracy.

ADMINISTRATIVE INFORMATION
The evaluation described in this report was funded by the Naval Electronics
Systems Command Program Element 11402N, Task Area X0793310, David W. Taylor
Naval Ship Research and Development Center Work Unit 1-1548-081.

INTRODUCTION

The David W. Taylor Naval Ship Research and Development Center (DTNSRDC)
was requested by the Naval Electronic Systems Command (NAVELEX) to evaluate
various pressure transducers for potential application to submarine communica-
tions buoys. Specifically, the investigation was to determine transducer
accuracy and repeatability for reading water depth under simulated long-term
cycling and over the expected operational temperature range.

To maintain reliable communications while remaining deeply submerged, SSBN
submarines are equipped with towed communications buoys. These are hydrodynamic
lifting bodies containing various antennas and the associated signal processing
equipment. The buoy is connected to the submarine by a towcable, which also
relays the various communications and instrumentation signals. The buoy oper-
ates in two distinct depth regimes. When the buoy is on the submarine, it is in
a deep-depth regime. During actual communicaticns, the buoy operates in a
shallow~-depth regime, just beneath the water surface. The buoy depth can be set
for various depth ranges and is controlled by reeling or unreeling cable from a
winch mounted in the submarine. In the shallow-depth regime, a more accurate
depth measurement is required since communication signal strength is a function
of submerged depth. The buoy depth signal is used as input logic to various

control systems, These include a system for changing the cable winching rate
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from fast to slow when the buoy reaches a depth of 50 ft (15 m). The depth
signal i; used also to arm the buoy destruct system as well as to control the
cable winch. Therefore, the buoy requires a depth-measuring system with a large
overall range as well as high accuracy in the shallow depths.

Currently. POSEIDON submarines are equipped with the AN/BRA-8C buoy, which
uses a combination of deep and shallow depth transducers manufactured by AERO-
MECHANISM, INC. The TRIDENT submarine will be equipped with the TRIDENT (AN/
BRR-6) buoy which uses a dual-transducer depth-measuring system man lactured by
the CONRAC corporation. Both the AN/BRA-8C and the TRIDENT buoys have unde.'gone
at-sea evaluations for extended periods.

Experience with these transducers has revealed several problem areas
requiring investigation. At unpredictable intervals, the depth indication has
been lost or exhibited large errors. The temperature of the buoy's operating
medium can change over a large range and this also affects depth-gage accuracy.
When the buoy is being towed at shallow depths, it is often in the presence of
waves. As waves pas3 over the buoy, the pressure constantly changes, resulting
in long-term cycling of the depth gage. It has been observed that depth-gage
performance changes as time in service increases. Since the shallow-depth gages
do not have an operational range sufficient to cover the submarine's operation
depth, a blanking valve is required to prevent overpressurization and damage to
the gages when the buoy is operating in the deep~depth regime. Problems have
arisen with respect to such a blanking valve used in the AERO-MECHANISM gage.
Finally, the effects of mountin, leccation of the gages on the buoy depth signal
for various buoy motions and ithe nsusving errors need to be determined to
ascertain the effects on communicarions aud navigational accuracy.

This evaluation was conducted in an attempt to solve these problems.

As the POSEIDON submarines are scheduled to be fitted with the new POSEIDON buoy,
replacing the existing AN/BRA-8C buoy, it is desirable to use as much as possible
of the circuitry that has already been developed for the TRIDENT buoy. This
includes the depth gages and prucessing circuitry, if feasible. This investi-
gation examined the AERO-MECHANISM and CONRAC gages, as well as four additional
depth gages suggested as a result of similar work performed at DTNSRDC.

The gages were manifolded together and subjectad to various temperature

cycles and simulated long-term pressure cycles by using a pressure simulation




apparatus with an automatic cycling feature, in conjunction with an oven and a
freezer. The resulting data were statistically analysed and gage accuracy,
linearity, and several other statistical quantities were determined. A survey of
available overpressure protection devices was made. The resulting devices are
analyzed, along with suggested modifications. Finally, a theoretical analysis
of the effect of depth-gage mounting location based on trigonometric relation-
ships in the buoy was completed.

This report presents the results of the cycling and accuracy studies both
graphically and in tables. Parameters significantly affecting depth-gage per-
formance are identified. The effect of temperature variation on gage accuracy
is reported and the effect of long-term cycling is given. Details of the over-
pressure protection devices are explained, and recommendations are made as to
further development. The equations for the mounting location analysis are pre-
sented and an example of their use is given. Finally, the computer-generated
results of the statistical analysis of the pressure vevsus gage output relation-

ship are tabulated in the appendix.

DEPTH TRANSDUCERS

Seven depth transducers were evaluated. The transducers chosen are either
currently used in communications buoys or are being considered for future systems.
The AERO-MECHANISM gage is currently used in the AN/BRA-8C buoy. The gage con-
sists of separate low- and high-pressure potentiometric sensors connected by a
blanking valve (overpressurization protection mechanism) which limits the
pressure to the low-pressure sensor. The CONRAC gage is used in the TRIDENT
AN/BRR-6 buoy. The SPARTON-:OUTHWEST gage was the first gage used in the
TRIDENT buoy but was replaced by the CONRAC gage due to inconsistent and un-
dependable performance. The SENSOTEC gage is being used successfully in another
project at DINSRDC. The FOXBORO gage was recommended by virtue of its small
size, low cost and use of a silicon diaphragm for improved recponse. Two
similar FOXBORO gages were evaluated for comparative purposes. The BELL & HOWELL
gage was suggested also for possible application in this program. The gages,

their ranges and requirements, are listed in Table 1.
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Based on previous depth gapge calibrations, the relationship between
pressure and the output signal is nominally linear and is expressed by the

equation:

Pressure = A * output + B @)

where output is either volts or ohms, A is the gage sensitivity (psi/ohm or
psi/volt), and B is the zero offset (volts or ohms).
EXPERIMENTAL APPARATUS AND PROCEDURES
The gages were evaluated for their perfurumance characteristics when exposed
to temperature extremes and pressure cycling., The characteristics of the over-
pressure protection devices were evaluated also using the apparatus and pro-

cedures in the following sections.

DEPTH-GAGE ACCURACY AND TEMPERATURE EFFECTS

The experimental apparatus is shown schematically in Figure 1. A dead-
weight pressure calibrator is used to apply a known pressure to all the gapes
simultaneously through & manifold block. Various combinations of accurately-
known calibration weights are placed on a piston of known cross-sectional area
supported by hydraulic oil. The resulting pressures are accurate to within
0.1 percent of the desired pressure. The pressure calibvator is shown in
Figure 2. Pressure is increased in 10 psig (69 kPa) increments between 0 and
100 psig (690 kPa) and in 50 psig (345 kPa) increments between 100 and 650 psig
(690 and 4480 kpa), and then back to zero with the same increments. Several
cycles were applied at room temperature, in an elactric oven and in a freezer.
Experimental conditions are summarized in Table 2, The gages were coupled to
the manifold block with 1/4-inch copper tubing, as shown in Figure 3. The three
gages with a 500 psig (3.4 MPa) range were all placed on one tube with a valve
used to close the tube at pressures above 500 psig (3.4 MPa). The gage outputs
were read on digital voltmeters accurate to + 0.001 volt as calibcated by a
National Bureau of Standards approved millivolt standard 4 0.1 degree Celsius
voltage generator. The temperature was determined to + 0.1 degree Celsius with
a nickel-chromium thermocouple and read on a digital voltmeter. The immersion

fluid used for the calibrations was hydraulic fluid,
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(U) TABLE 2 - EXPERIMENTAL CONDITIONS FOR TEMPERATURE

if (UNCLASSIFIED) VARIATION ANALYSIS

fi Temperature Temperature No. of Pressure
,% Cycles

2

E c+0.1 ¢ F 40.2 F

§ -15 5.0 3

A 24 75.2 5

; 31 87.8 2

. 38 100.4 2

. 50 122.0 2

f? Upon completion of the calibration cycles, a computerized first-order
5 least-squares equation was fitted to each set of common temperature cycles.
Based on the fitted equation, the sensitivity and zerc-offset for each tem-
perature were determined, as well as the maximum and average deviations of

the measured data from the fitted line.

EFFECTS OF SIMULATED LONG-"ERM CYCLING

To provide realistic conditions for evaluating gage survival, 2 years

of actual at-sea operations were simulated since this would be a reason-

g able length of time to expect accurate transducer operation. Based on a

deployment rate of six times per year and simulating the actual winching

i rates of 50 and 150 feet per minute (15 and 46m/s), the schedule of test-
; ing shown in Table 3 was developed. The sequence of four pressure ranges
required 1 week to complete, and the entire sequence was repeated for

4 weeks.

An automatic cycling system was constructed using a combination of
pneumatic and hydraulic componenets to vary the pressure. The maximum
pressure, the rate of change of pressure, and the time per cycle could be
controlled. A dead-weight pressure calibrator was also incorporated,

and a calibration was performed on all of the gages once each day, with a

11 FRECEDING PAGE BLAMK~NOT F
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(U) TABLE 3 - SIMULATED LONG-TERM CYCLING SCHEDULE

(UNCLASSIFIED)

Pressure Pressure Equivalent Winch Rate Total Cycles
Range Range (Rate of Ascent or Per Week*
psi mpa Descent)
0-10 0.07 4.5 ft/sec (10 sec/cycle) 25,000
0-200 1.37 3.0 ft/sec (5 min/cycle) 264
0-500 3.44 2.5 ft/sec (15 min/cycle) 4
0-650 4.48 2.5 ft/sec (20 min/cycle) 4
* Total cycles after 4 weeks = 101,088

complete calibration performed at the end of each week. The experimental
apparatus is shown in Figure 4.

For each gage, the calibration cycles performed at the end of each
week were analyzed as described for Depth-Gage Accuracy and Temperature
Effects. With this procedure, the degradation of gage accuracy and the

change in fitting coefficients with number of cycles were determined.

A SURVFY OF OVERPRESSURE PROTECTION DEVICES

Inquiries were directed to the manufacturers of depth gages evaluated
in this project requesting design details or suppliers of overpressure
protection devices. Most manufacturers neither made nor supplied such a
device but would design one upon request. CONRAC Corp. did produce such
a device but claimed it was proprietary and would not release details.
Details of another mechanism were obtained from a previcus purctase for
another project by another group at DTNSRDC. AERO-MECHANISM, Inc. did
provide drawings on their overpressure protection device. Thus, only

two devices will be discussed.

DEE TH-GAGE MOUNTING LOCATION ANALYSIS

The analysis of the effect of depth-gage mounting location incorpo-
rates several assumptions. First, since the depth transducer pressure

port is inside the buoy, and since most of the buoy's volume is occupied
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by buoyancy tanks, syntactic foam and instrument cans, it is assumed that

there are no dynamic flow patterns near the depth-transducer. This implies

that the depth indicated by the transducer is solely the static water pressure

for that given depth. The second assumption is that buoy pitch angle is
measured as the angle between the horizon and the buoy keel. The third
assumption is that at a roll angle of zero, the upper surface of the buoy.
in the transverse direction is parallel to the horizon.

Based on these assumptions and an analysis of the buoy geometry, the
relative positions of the depth-transducer and an arbitrary point in the
buoy can be determined for any combination of buoy pitch and roll ang:les.
Once these positions have been determined, the effect of the depth differ-
ence on calrulated auxiliary antenna fioating length and submerged trail
distance can be calculated. An example of the calculations for the POSEIDON
buoy is given in Appendix B.
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RESULTS AND DISCUSSION
The results of each performance evaluation are discussed in the following

sections.

DEPTH-GAGE ACCURACY AND TEMPERATURE EFFECTS

The results of the sensitivity and offset calculations for this phase of
the depth-gage evaluation are given in Tables 4, 5, 6 and 7 in Appendix A and
are presented graphically in this section. The tables present the results of
the data-fitting analysis. For each gage listed, the following information is
given:

a. The maximum operating pressure (psig)

b. The coefficients of the first-order least squares fit:

Pressure = A * output + B

where output = ohms for the Aero-Mechanism gage and volts for all other gages
and A is the gage sensitivity (psi/volt or psi/ohm) and B is the zero offset
(volts or ohms)

¢. The correlation coefficient (this indicates the degree to which the
data fit a straight line. A perfect fit has a correlation coefficient of 1.000.)

d. The variance in psig, which is an estimate of the standard deviation
of the data from the fitted line.

e. The maximum deviation from the fitted line in psig.

f. The maximum deviation expressed as a percent of the gages' operating
range.

Two calibrations were performed for each temperature to account for changes
in the gage characteristics in different pressure ranges. These calibrations

are;

1. 0-30 psig (0-206 kPa) equivalent to 0-68 ft {0-21m) depth of
seawater.
2, 0-650 psig (0-4.4£ MPa) equivalent to 0-1467 ft (0-447m) depth of

seawater.

The data from Tables 6 and 7 of the Appendix were used in plotting Fig-
ures 5 to 11, which show the effects of temperature on each gage. The upper

graphs show the zero-shift B while the lower graphs show the sensitivity A,
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It should be mentioned that several of the gages incorporate temperature
compensation circuitry. These gages are generally strain-gage type transducers,
Potentiometric type gages include mechanical linkage arrangements designed for
temperature compensation,

Comparing the effect of temperature on the coefficients of the least-squares
fitted line for the four strain-gage type transducers (i.e. BELL & HOWELL,
SENSOTEC AND FOXBORO #1 AND #2), it appears that for three gages there is a
general trend for sensitivities to increase with increasing temperatures, This
does not hold true for the BELL & HOWELL gage, however, Further, the sensitivity
changes for calibrations over different pressure ranges. There does not appear
to be any correlation between gages concerning the zero pressure (y-axis intercept).
In some cases, the function increases monotonically with temperature, while for
other gages, there are several inflection points. It should be remembered that
the temperature effects on the two FOXBORO gages may be decreased with the
addition of temperature compensation circuitry. Depending on the operational
temperature range expected, it may be necessary to correct the fitting coeffi-
clents to avoid errors on the order of several feet.

Figures 12 and 13 allow a direct comparison of data for the different gages.
In the upper graphs, the difference between the zero-shift at each temperature
and the zero-shift at room temperature, which was 75 degrees Fahrenheit (24 degrees
Celsius), are shown (i.e. B other temperature - B room temperature). The lower
graphs show the ratio of the gage sensitivity at the temperature of interest to
the gage sensitivity at room temperature.

A comparison of the effects of temperature on the coefficients between
gages is best seen in Figures 12 and 13. It appears that for the 0 to 630 psi
(0-4.5 mpa) calibration, the sensitivities of the CONRAC and SENSOTEC gages are
least affected by temperature, but for the O to 30 psi (0-206 kPa) calibration,
the CONRAC performance is also degraded. The effect of temperature on the zero-
voltage pressure is strongly a function of the temperature range of interest.

For example, in Figure 13 if one is not concerned with low temperatures, the
SPARTON SOUTHWEST gage coefficient "B" is least affected by temperature but is
the worst at low temperatures. In Figures 12 and 13, it was decided not to
connect the data points as many curves would cross each other, thereby detracting

from the clarity of the information presented,
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Figures 14 and 15 show maximum deviations of measured data from the fitted
line as functions of temperature for all gages, while Figures 6 and 7 present
the maximum deviations expressed as a percentage of each gage's maximum operating
pressure for the temperature range.

The effect of temperature on the maximum deviations is presented in Fig-
ures 14 to 17. The required depth accuracies are + 7 in. or 0.26 psi (+ 17.8 cm
or 1.79 kPa) from 0-50 ft or 0-22 psi (0-15 m or 0-151 kPa) and + 20 ft or
8.86 psi (+ 6.1 m or 61 kPa) from 0-1467 ft or 0-650 psi (0-44 m o O-4.48 MPa),
Since a given error in psi can represent a different percentage of various gages'
maximum operating pressures, both the deviation in psi and feet and the deviation
as a percentage are shown. Based on Figure 15, the only gages that meet the
deep-depth requirement for the entire temperature range are AERO-MECHANISM,
SENSOTEC, and CONRAC. Both the SENSOTEC and the CONRAC gages are accurate to
within + 4.5 ft (1.4 m) for the entire temperature range, or 0.15 percent of full
scale. If the area of interest does not include extremely cold temperatures
(0 degree Celsius), the CONRAC gage is accurate to + 1.8 ft (0.54 m) or 0.15 per-
cent and the SENSOTEC gage is accurate to + 1.35 ft (0.41 m) or 0.075 percent,

Figure 14 shows the maxjmum deviation in psi as a function of temperature for a
0 to 30 psi (0-207 kPa) calibration. It should be mentioned that the same gage
was used for both deep- and shallow-depth calibrations. However, in actual
applications, two gages are often used, with the shallow-depth gage having a
much lower sensitivity (i.e. smaller coefficient "A") than the deep-depth gage.
Since it was not feasible either economically or logistically to purchase both
gages, it may be assumed for most gages that the percentage of full-scale
accuracy would be the same for both low- and high-pressure gages. Thus, a
650 psi (4.5MPa) gage calibrated from O to 650 psig (0-4.5 MPa) with a 0.2 per-
cent accuracy would correspond to a 50 psig (344 kPa) gage with a 0.2 percent
accuracy or 0.10 psi (6.9 kPa), which is well within the shallow-depth accuracy
requirement,

Low-pressure calibrations are more susceptible to voltage fluctuations,
friction, weight inaccuracies, etc., since these represent a larger percentage
of the input parameters than they would for a high-pressure calibration. There-
fore, the output is likely to be "noisier".
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From Figures 14 and 16 the AERO-MECHANISM, CONRAC and SENSOTEC gages are
within + 1 psi (7 kPa) for the entire temperature range. This corresponds to
0.1, 0.2 and 0.13 percent, respectively. If 50 psig (344 kPa) gages were used,
the resulting accuracies based on the same percentages would be 0.05, 0.1 and
0.065 psig (344, 689 and 448 pa) or 1.35 in., 2.70 in. and 1.76 in. (3.43 cm,
6.85 cm and 4.47 cm), respectively.

EFFECTS OF SIMULATED LONG-TERM CYCLING

The results of the cycling investigation are presented in this section and
Tables 6 and 7 in Appendix A, They are based on the complete calibrations
performed at the end of each week of cycling, All cycling occurred at 24 degrees
Celsius + 2 degrees. The baseline values for gage performance are derived from
the four complete calibrations at room temperature (24 degrees Celsins) performed
prior to beginning the long-term cycling. The analysis is shown for two pressure
ranges: 0-30 psig (0-207 kPa) and 0-650 psi (0-4.5 MPa).

Figures 18 to 20 show the effect of cycling on the least-squares fitting
coefficients. The upper graphs present nondimensionalized sensitivities for each
gage, while the lower graphs present the shift in zero-offset from the room
temperature value., Based on the 0-30 psi (0-207 kPa) calibration in Figure 18,
the AERO-MECHANISM gage 1s least affected by cycliung, followed by SENSOTEC and
CONRAC gages. The change in sensitivity for these three gages is less than one
percent, while the maximum change in the y-intercept is less than 2 psi (14 kPa).
Shifts in the coefficients for the BELL & HOWELL and SPARTON-SOUTHWEST gages are
as great as 60 percent and 35 psi (240 kPa) for the sensitivity and zero-shift,
respectively, Figure 19 shows the same quantities for a 0 to 650 psi (0 to
4.5 Mpa) calibration. The sensitivity for the AERO~MECHANISM gage shifted by one
percent, while the CONRAC and SENSOTEC gage sensitivities shifted less than
0.1 percent. From Figure 20, the FOXBORO gage coefficients shifted as much as

500 percent and 200 psi (1.4 MPa) for the sensitivity and zero-shift, respectively.

Figures 21 to 23 show the effecc of cycliug on the maximum deviation of data
form the fitted line. All gages but SPARTUN-SOUTHWEST showed no increase in the
maximum deviation as a function of the number of cycles. In fact, several gages
acrually show an increase in overall accuracy. The only explanation that can be
offered at this time is that some gages require a certain "working-in" period to

eliminate any mechanical "memory" and to reach a steady-state condition.

32

B SRS ke )




(UNCLASSIFIED) 7858

1.7
O AERO-MECHANICAL

g O SPARTON SOUTHWEST
1.5 O SENSOTEC
o
; 0 BELL & HOWELL
o O CONRAC
£ 1.3
Q
('
<
<

* |

0.9 T , ‘

0 25 50 75 100
NUMBER OF CYCLES3/1000

20 — 138
¢ ’ L
=
O Canl
3 Z
T 10 69 =
QO wn
28 -
[coQ¥E) w
o & o
=2 & nk a % —5—-‘0 3
S ? °
= Q.
I E
I s
S i
10 l -69
0 25 50 75 100

NUMBER OF CYCLES/1000

(U) FPigure 18 - Change in Fitting Coefficients as a Function of Total
Cycles for a 0-30 psi (0-207 kpa) Calibration

33




(UNCLASSIFIED)
7458

1.03
wd
[« 4
o
—
=1.02 .
& o AERO-MECHANICAL
= O SPARTON SOUTHWEST
31.01 O SENSOTEC
& ® [ ®
< 0 BELL & HOWELL
~ $V
< O CONRAC
1.00 & %
0.99 0 25 50 7500
NUMBER OF CYCLES/1000
"'\ Mi “
:’é vg ] ;()7
3
=
< 20 13
& <
- -
3 10 . 69 =
x [ve]
: - &
3 2 z
% . S
; o0 ‘? 3 <§§. <%§, X 0
% jsW
! 2
v <L
; 5 -1 0 25 50 75 q00 o9
1 NUMBER OF CYCLES/1000
i
(U) Figure 19 - Change in Fitting Coefficients as a Function of Total

Cycles for a 0-650 psi (0-4.5 MPa) Calibration

34




TRATET a m s e e AL A Y=, 7 P o

(UNCLASSIFIED)
‘ ITC #1 0-650 psi

A (0-4.5 mpa)
0 ITC #2 0-650 psi
(0-4.5 mpa)
O ITC #1 0-30 psi
7858 (207 kpa)
5 n ITC #2 0-30 psi
(207 kpa)
. [\
& 3 9-
(W]
=
=
o
Qo
m ’
< 2
=
) D S N S N D B N
0 il
0 25 50 75 100
NUMBER OF CYCLES/1000
0 CoAL— ! 0
)
=100 -689

CHANGE IN B (kpa)

=200 m 4; -1378

-300 D -2068
0 25 50 76 100

NUMBER OF CYCLES/1000

CHANGE IN B FROM ROOM TEMPERATURE (ps1)

() Figure 20 - Change in Fitting Coefficients as a Function of
Total Cycles for the FOXBORO Gages

35




(UNCLASSIFIED)

O AERO-MECHANICAL
O SPARTON SOUTHWEST

O SENSCTEC
0 BELL & HOWELL
¢ CONRAC
4.0(9.02) e 28(2.7
P OFF-SCALE (6.5 ft (1.9 m) (2.7)
2.5(7.90) 24(2.4)
¢
3.0(6.77) 21(2.1)
~ a
g 2.5(5.64) 17(1.7) £
= z
o —
- s
< 2.0(4.51) 14(1.4) =
o a
Q
= v 5
2 =
= 1.5(3.38) 10(1.9) =
g ¢ ¢ =
¢
1.0(2.25) 7(0.68)
: [
] 0.5(1.12) 3(0.34)
q C? )
§ 1§
4 0 0(0)
; 0 25 50 75 100
NUMBER OF CYCLES/1000
(U)  Figure 21 - Maximum Deviation as a Function of Total Cycles

for a 0-30 psi (0-207 kPa) Calibration

36




(UNCLASSIFIED)

O AERO-MECHANICAL
O SPARTON SOUTHWEST
O SENSOTEC
0 BELL & HOWELL
O CONRAC
7858
16(7.08) 110(2.1)
14(6.20) 96(1.9)
12(5.31) 83(1.6)
3 £
=~ 10(4.43) qL 69(1.4)
e X
5
S 8(3.54) 55(1.1) <
o o
o) [an]
= 5(2.66) 1&;7 41(0.81) 2
P O p =
4(1.77) 27(0.54)
D
2(0.88) 8 b——1{14(0.22)
o T ff
3 18 | 8
0 # 5 0(0)
0 25 50 75 100

NUMBER OF CYCLES/1000

(U)  Figure 22 - Maximum Deviation as a Function of Total Cycles
for a 0-650 psi (0-4.5 MPa) Calibration

37




(UNCLASSIFIED) ITC 41 0-30 psi

A (0-207 kpa) .
ITC 42 0-30 psi
0 (0-207 kva) .
o I1C #3 0-650 psi
(0-4.5 mpa)
O ITC #2 0-650 ps3i
(0-4.5 mpa)
7858 )
40(90.29) 276(27)
o
35(79.00) 241(24)
4 N
-
30(67.72) 206(20)
'::;
«- =
- E
& 25(%0.43) 172(17) °
4
z SN =
< g
= 20.0(45.19) + 138(14) £
L (] ot
e e
bl [
g 4 g
% 15.0(33.86) ol 103010) £
- <
T |
10.0(22.5/) J‘ 69{6.9)
5(11.28) ' 34(3.5)
v 0(0)
0 25 50 75 100

NUMBER O «YCLES/1000

(U) Figure 23 - Maximum Deviation as a Function of
Total Cycles for the FOXBORO Gages

38

AR ey L P R s e e *
RPN "'vr»‘w.,.afw;;:gég;\gl”“‘%"ﬁ“:vf’ e




Figure 23 shows the effect of cycling on maximum deviation for the FOXBORO gages.
In both calibration ranges, the accuracies substantially deteriorate with cycling,
but the relationship is not monotonic (i.e. the maximum deviations do not occur
after the maximum number of cycles). The causes for this marked deterioration in
the FOXBORO gage performance are seen in Figures 24a and 24b. The gages become
highly nonlinear below 100 psi (690 kPa), resulting in large errors when fitted
with a straight line. Figure 24a shows that the sensitivity for the 0-650 psi
(0-4.5 Mpa) calibration is almost identical to the original precycling sensi-

tivity. The large errors occur in the lower pressure range.

A SURVEY OF OVFRPRESSURE PROTECTION DEVICES

Figure 25 shows the AERO-MECHANISM Overpressure Protection device. The
deep-depth gage, shallow-depth gage and blanking valve (protection device) are
all mounted together as a single unit, with the blanking valve between the two
depth gages. The operation of the valve is described below.

Ambient water enters the valve through the inlet port 11. The water passes
through channels in the base and fills the interior of the valve assembly
(excluding the bellows 5), passing into the shallow-depth gage through the inlet
port i0. The water also applies pressure to the baseplate 7 of the bellows,
tending to compress the bellows. The adjustment screw 2 and pretensioning spring
Y can be adjusted to vary the spring constant of the bellows assembly. As the
pressure increases, the bellows ~cn.ince to compress. Plece 6 is a disc-shaped
plate with an "O-ring" and is connected to the bottom of the bellows. When the
bellows are compressed sufficiently (when the desired closing pressure is reached),
the plate 6 seats against the bottom of the valve housing, preventing any further
flow or increase of pressure in the valve and shallow-depth gage. Since part 6
is actually threaded onto a threaded rod attached to the bellows 5, the distance
required for the bellows to compress, and thus the closing pressure, can be varied
before the "O-ring" surface seats.

The main advantages of this device are its adjustahility and low friction
characteristics, allowing closing pressures to be extremely accurate. The main
disadvantages are the mechanism's complexity and estimated high cost of fabrication.
(The manufacturer would not reveal this cost.)

Details of the second device are shown in Figure 26, The mechanism uses a

cylinder/piston arrangement with sliding "O-rings" to maintain the required fluid
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(U) Figure 26b - Redesigned Blanking Valve
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seals. Initially the spring is fully extended and water flows past the
first "O-ring" and into the shallow-depth gage. As pressure increases,
the piston slides back and the forward "O-ring" seats on the level, stop-
ping all further flow. The device shown in Figure 26a did not function
properly, however, since the "O-ring" seated on the level continues to
compress as pressure increases and allows the pressure in the shallow-
depth gage to increase.

The problem was corrected as shown in Figure 26b, The bevelled pis-~
ton was eliminated and replaced with a straight cylinder. Then, once the
forward "O-ring" seats, no further compression occurs and the pressure
in the shallow-depth gage remains constant. Also, a positive stop was
added to the cylinders to prevent overtravel, and oil is used in the
device to prevent corrosion in the depth gage.

One such device has been fabricated at a cost of $300.00 and some
testing has been performed. The device functions properly at the pres-
sures required for submarine communications buoys. However, some prob-
lems do exist. The sliding "O-rings" produce very high friction, which
may prevent accurate setting of closing pressures as well as requiring
periodic replacement of the "O-rings'. At present, a new spring is
required for each closing pressure. It is believed, however, that a
pretensioning screw could be installed to provide some variability with
each spring.

The advantages of this device are its simplicity, low cost of fab-
rication and extremely small size (approximately 1 in. long (25.4 mm)
and 0.5 in. (12.7 mm) 12.7 mm) diameter).

DEPTH-GAGE MO'INTING LOCATTON ANALYSIS

The geometric analysis of the effect of buoy pitch and roll on the
relative positions of two points representing the locations of the depth
gage and the point in the buoy to which buoy depth is veferenced is pre-
sented in Appendix B. The resulting equations are used to determine the
errors in antenna floating length and submerged trail distance (the
distance between the submarine and the electrical phase center of the
antenna) .

For a maximum pitch angle of 15 degrees and a maximum roll angle of
2 degrees at a speed of 6 knots and a buoy depth of 8 ft (2,5 m), the
calculated floating length error is 23.92 ft (7.29 m) and the submerged
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trail error is 11.92 ft (3.63 m). Based on a nominal floating length of 97.00 ft
(29.56 m) and a nominal submerged trail of 151.01 ft (46.03 m) (Reference 1), this
is equivalent to a 24.6 percent error in floating length and a 7.9 percent error

in submerged trail.

CONCLUSIONS AND RECOMMENDATIONS

Based on the analysis of the effect of temperature and long-term cycling on
depth-transducer accuracy, linearity and repeatability, the following conclusions
are drawn:

1. The effects of temperature on gage-performance cannot be neglected,
particularly in the shallow-depth range.

2. The behavior of the "fitting" coefficients as a function of temperature is
different for each gage and is dependent on the temperature rang of interest.

3. The only gages meeting deep-depth accuracy requirements over the entire
temperature range are the AERO-MECHANISM, SENSOTEC AND CONRAC gages.

4. Only the FOXBORO and SPARTON-SOUTHWEST gages exhibit a decrease in
accuracy with increased cycling. Several gages exhibit a slightly increased
accuracy with increased cycling.

5. The gages least affected by long-term cycling are the AERO-MECHANISM,
CONRAC, and SENSOTEC gages.

6. The AERO-MECHANISM device is too large and undependable for long-term
operation.

7. Substantial errors in the calculation of auxiliary floating wire length

and submerged trail could result as a function of buoy attitude changes.

It is therefore recommended that:
1. The depth-signal processing circuitry should incorporate corrections
for temperature effects.

2, Either the SENSOTEC or CONRAC gages should be used for submarine

communications buoys.
: 3. The alternate blanking valve design be further evaluated for incorporation
into the chosendepth gage.

4. The depth transducer should be mounted as close as possible to the

point in the buoy where true depth must be accurately determined.

ST LS S A
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APPENDIX A
TABULATED RESULTS OF THE LEAST-SQUARES FITTING ANALYSIS

Tables 4 to 7 are the results of the least-squares first-order fitting
routine as generated by the computer., Tables 4 and 5 contain results for the
analysis of temperature effects for 0 to 30 psig (0 to 207 kpa) and O to 650 psig
(0 to 4.5 MPa) calibrations, respectively. Tables 6 and 7 contain results of the

simulated long-term cycling for 0 to 30 psig (0 to 270 kpPa) and 0O to 650 psig
(0 to 4.5 Mpa) calibrations, respectively.
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(U) TABLE 4 - LEAST-SQUARES FITTING RESULTS FOR A 0-30 psi (0-207 kPa)
CALIBRATION AT VARIOUS TEMPERATURES

TABLE 4a - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 1 TO 3
LOW-TEMPERATURE CYCLES -15 DEGREES C

(UNCLASSIFIED)

14-AUG-T73

THE FITTING FUNCTIGMN 1S3 PRESSURE= A®UCLTAGE + B PAGE |}

GAGE NGe 1| AERO-MECHAMNICAL

MAY PRESSURE = 500 PSI

AC 1)= 641153 BC 1)= -1.108
CORPRELATION CCEFFICIENT= 1.GG0
VARIANCE= 0.10 PSI

NAV1INYY DEVIATIONS= §.23 PSI
CR (.04 PER CENT CF FULL SCALE

GAGE NCe 3 SENSCTEC

MAY PPESSURE = 753§ °©SI

AC 3)= 149592 B( = ~2¢736
CCPRELATICL CCEFFICIENT= (0999
"TAR1ANCE= 639 PSI

MAY 1M DEVIATIGH= 1462 ©S1
Cr Gel4 PER CENT CF FULL SCALE

3A3E hCe 53 CCNRAC

inAv PRECGCURE = 3(G( PSI

Al 3)= 354143 BC 3)= =B83430%
CCPRELATION CCEFFICIENT=®  146GC
JAP1ANCE= 6.27 ®<I

MAXIMIN DEVIATICL= 0443 PSI
C® G669 2E® CENT COF FULL SCALE

SASE NCe 7 ITC NCe2

f1AY PRESSHRE =1G00 PS1

Al 7)== 20634583 BC T)= “3.113
COPRELATICON CCEFFICIENT= (4999
YA©IANCE= Geqal P©SI

mAY 'ty DEVIATICL= 6«37 ™SI
O~ §e0< PE™ CENT UF FULL SCALE

GAGE NOe 2 SPARTON=SCHTHWEST
MAX PRESSURE = 3G PSI

AC 2)= 103.597 BC 2)= =T73.323
CORRELATICON CCEFFICIENT= (4998
VARIANCE = 066 PSI

MAXINUM DEVIATIGH= 1440 PS8
C® (.28 PER CENT OF FULL SCALE

GAGE MCe 4 BELL AND HCWELL

MAX PRESSURE = 5G( PSI

AC 4)=12121.212 BC 4)= ~qel4]
CCRRELATICON CCEFFICIENT= (4663
VARIANCE = 13.2(0 ©SI )
MAXIMUNM DEVIATICON= 16.1C6 PSI1
CR 2.02 PER CENT OF FULL SCALE

GAGE HhCe & 1TC WGl

MAX PRESSURE =10G060 PSIJ

AC 38)= Z2259.887 B( o)= =0+333
CCRRELATION CCEFFICIENT= (399
VARl ANCE = G.42 PSI

MAXIMIM DEVIATICON= G+%6 PSI
OR (.09 PER CENT OF FULL SCALE

GAGE ‘\CJ. G

hA¥Y TRESSURE = 6 rel

AC Go= 0+6G0 BC G)= G«0G0C
CCRRELATIUN CUEFFICIENT= Go000
VARIAKNCE = 5466 PSI i
maxXintity DEVIATIUL= 64060 ©PSI

L® (.06 TER CELT CF FULL SCALE
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(Y) TABLE 4 (Continued)

TABLE 4b - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 1 TO 4
ROOM-TEMPERATURE CYCLES 24 DEGREES C

"UNCLASSIFIED)

2-4UG-73

THE. FITTING FUMCTICON 1S: PRESSURE= AV(ULTAGE ¢ B PAGE

SAGE NCe 1  AERG-MECHANICAL

MAY PRESSHURE = 606G ™SI

AC )= 0«113 BC 1= =1.176
CORRELATICN CCEFFICIENT= 14600
VARIANCE= 0.13 ©S]

MA¥XINUM DEVIATICON= G.306 PSI1
CP 04065 PE® CENT COF FULL SCALE

JAGE MOe 3 SENSCTEC

MA¥Y PRESSURE = 750 PSI

AC 3)= 149,333 B( 3= ~2.199
COPRELATICN CCEFFICIENT= [ 4GGO
VARIAMCE= 6.21 PSI

MAYIMUN DEVIATICN= Geab ©SI
CF 04035 PER CENT OF FIILL SCALE

GAGE NCs 3 COUWRAC

MAX PRESSHUPE = 5(G( ©SI

AL 3)= 864430 BC 3)= =2340676C
CCRRELATIOUN CCEFFICIENT= 1.600
VARIANCE= 6«18 P8I

MAvINMUN DEVIATICM= 6«36 PSI]
C® G606 PE® CENT UF FJLL SCALE

JAGE NGe 7 1TC NC2
MAYX ORESSYPE =10060 ©SI

AC 7)= 21334333 BC 7)= «24¢300
CCRRELATICIK COEFFICIENT= (4994
VAR TANCES= le23 ™SI

bAYINs LEVIATIUN= 2e¢13 ©El

™ G.21 TEP CEL.T UF FULL SCALE

GAGE hOe« 2 SPARTON=-SCUTHWEST
kaY TFESSURE = 566 ©S1

Al 2)= 1654773 BC 2)= 03523
CORPELATION COEFFICIENT= (4997
VARP1ANCE = §.53 ©S1

MAX LI DEVIATICN= 1.41 PSI
(® (+28 PER CENT CF FULL SCALE

GASE hCe 4 BELL AND HOWELL
MAX PFESSURE = 360 PSI
AC 4)=106332.904 B( 4)= ~0e4ll

1

CORRELATIUN CCEFFICIENT= (o940

VARIANCE = 426 PSI
MAXIMUN DEVIATIGiv= 12447 PSI1
LP 2.49 PER CEMN CF FULL SCALE

GAGE NOe 6 ITC WOe!
MAY ORESSURE =1006 ©SI

Al 6)= 24G2.4062 BC 6)= 2312
CORRELATION CUEFFICIENT= (990
VARIANCE = 1.62 P¢l

mAYIMUM DEVIATICNs 2+31 PS]
P G.23 PER CENT OF FULL SCALE

GASE NLe ©

mA¥X PRESSURE = G P¢Sl

at )= G«GGG BC ()= G«GGO
COFRELATICUN CCEFFICIENT= G+00O0
varlaiCE = 6«66 ™SI )
MaXlUm DEVIATIUN= GeGG ®SI°

Cr (.60 TEF CENT UF FULL SCALE
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TABLE 4 (Continued)

(U) TABLE 4c - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 5
ROOM-TEMPERATURE CYCLES 24 DEGREES C

4~AUG-78
(UNCLASSIFIED)

THE FITTING FUNCTICN ISs PRESSUFEs A®VLLTAGE ¢ B PAGE |
SAGE NCe 1 AERC-NECHANICAL GAGE NCe 2 SPARTUN~-SOUTHWEST
MAX PRESSURE = 4§00 ©SI MAX PRESSURE = 500 PSI
AC 1)s 0.110 BC 1)= “Gedl! AC 2)= 100959 BC 2)= <=T70+146
CCRPELATICON CCEFFICIENT= 14000 CCRRELATICON CUEFFICIENT= (939
VARIANCE= 0.23 PSI VARIANCE = 6«51 PSI
MAYIMUM DEVIATICN= 6.31 PSI MAX TN DEVIATICNS 6«51 PSI

CR 0.03 PEP CENT COF FULL SCALE

GAGE NOe 3 SENSCTEC

MAY PRESSURE = 756 PSI
AC 3)= 1444404 BC 3)=
CCRRELATION COEFFICIENT=
VARIANCE= .46 PSI
MAYIMIIM DEVIATION= 0.65 PSI
CP 0.09 PEw CENT CF FYLL SCALE

~1.047
63999

3A3E NCe 5 COMRAC

MAX PPESSURE = 300 PSI

Al 3)s= 844388 B( 3= =31 4857
CORRELATICN CCEFFICIENT= (4999
VAR1ANCE= 0.45 BSI

MAX1IMIt DEVIATICONS 635 PSI

OrR 0.11 PER CENT CF FULL SCALE

JAGE NCGe 7 ITC NG.2

MAX PRESSYRE =]1G00 PSI

AC 7)= 215064538 BC 7)= «2e413
CORRELATICH CUEFFICIENTS (04999
VARIANCEs= 6.71 ®©S}

Ma¥ImuUuy DEVIATIChs 118 PSI

CR Ge+12 ©PER CENT CF F'LL SCALE

50

CR G106 PEP CENT OF FULL SCALE

GAGE NCo 4 BSELL AND HOWELL
MAX PRESSURE = 500 ©SI
AC 4)=147065.882 B( 4)=
CCRRELATION CUEFFICIENT=
VARIANCE = leld PSI
MAX TN DEVIATION= 162 PSI1
CP (.32 PER CENT CF FULL SCALE

14.265
6.996

GAGE MLe 6 ITC NULI

MAX PPESSURPE =1060C ©S1

AC A6)= 22984351 B( 6)= 3.218
CORRELATION CUEFFICIENT=E (4996
VARIANCE = le2l PSI

MAXIMUIN DEVIATIUNS 1+61 PSI1

Cr (.16 PER CENT UF FULL SCALE

GAGE NUe

MAY PRESSURE =  § PSI

a¢ 6)= 860660 BC Gr= 00000
CCPRELATIOMN CUEFFICIENT= 04660
VARIAMCE = GoGG ©SI

MAVINM''M DEVIATICh= 6«06 P8I

O® G+GG PE™ CEANT LF FULL SCALE




TABLE 4 (Continued)

(U) TABLE 4d - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 1 TO 2
HIGH-TEMPERATURE CYCLES 31 DEGREES C

31-dUL=78
(UNCLASSIFIED)
THE FITTING FUNCTICN IS:s PRESSURE= A®VOLTAGE + B PAGE |
SAGE NOe | AERC-MECHANICAL GAGE NOe 2 SPARTUN=SCUTHWEST
MAY PRESSNRE = 600 PSI MAX PRESSURE = 5060 P9I

AC 1)= Go116 BC )= ~1+736 AC 2)= 1064603 BC 2)= =73.311
CCRRPELATICN CCEFFICIENT= 14006 CORRELATION COEFFICIENT= (4993
VAR1ANCE= 034 ©S] VARIANCE = 6.72 ®81

MA¥IMIM DEVIATIOMN= .44 PSI MAXIMUM DEVIATICN= 6.98 PSI
C® 0407 PE® CENT OF FULL SCALE (R (.20 mEP CENT OF FULL SCALE

GAGE NGe 3 SENSCTEC GAGE MUe 4 BELL AND HUWELL

MAY ©®RESSYFPE =2 756 PSI MA¥ PTMESSURE = 360 PSI

AT 3)= 136.0694 BC 3)s= =14376 AC 4)-1063894611 BC 4)=  <«1040649
CCPPELATICN CCGEFFICIENT= 14060 CORRELATION CCEFFICIENT= (4954
UYAPIANCE= G135 ©81 VARIAMNCE = le2d PSI1

BAY 1M DEVIATICHA= 6«19 ®51 MAXINMIM DEVIATICK= G.91 ®SI
U» G+03 ®ER CENT CF FULL SCALE C® Gel3 PER CENT CF FULL SCALE

GAGE NUe 3 CONRAC SAGE NUe 6 ITC NG

MAY PRESSURE = 3500 PSI MAY PRESSUPE =10660 PSI

Al 3)= 39320 B( 3)= «37.87¢ Al 0)= 23604660 B¢ o)= 24300
CCPRELATION CCEFFICIENT= 14600 CORRELATICK COGEFFICIENT=  1466G
YARIANCES= Geld m&] VARIANCE = 6466 PSI

MAVM 1w DEVIATICON= G.31 rs] MAXIMIM DEVIATICH= 6.6 PSI

C™ G+00 PER CEM CF FULL SCALE 0" G+30 PE® CENT CF FULL SCALE

SAGE hGe 7 ITC NCo2 GAGE NCe ©

MAY TRECSSHDE ={(0(( Pl MAX PRESSYRE = i ©SsI

AC T)= 23234381 B( 7= *35¢936 AC G)= 6666 BC G)= G«CGGO
CCRRELATICH CUEFFICIENT= (4397 CCPRELATIUN CCEFFICIENT= (4050
VARIANCE= 6e32 ©8] VAR1ANCE = 666 ™SI

ba¥IMte DEVIATIGN= o2& ®SI MAX TN CEVIATIUN= 066 ®sS1

(P G413 PE® CEnT COF FULL SCALE CR G066 PER CENT CF FYULL SCALE
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TABLE 4 (Continued)

(U) TABLE 4e - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 3 TO 4
HIGH-TEMPERATURE CYCLES 38 DEGREES C

(UNCLASSIFIiED)

THE FITTING FUNCTICON [Si PRESSURE= A*V(ULTAGE ¢+ B

GAGE NGCe 1 AERC-MECHANICAL
MAX PRESSHRE = 600 PSI
Al 1)s= 0«116 BC )=
CORRELATICN CCEFFICIENT=
VARIANCE= 0.39 PSI
MA¥1IMUNMN DEVIATICGN=

«2+033
0999

0.64 PSI

Cr O.11 PER CENT CF FULL SCALE
GAGE NCe 3 SENSGTEC

" MAX PRESSURE = 750 PSI1
AC 3)= 1504376 BC 3)= =1+190
CORNELATICON COEFFICIENT= 14000
VARIANCE= 6.08 ©SI
MAXINMUM DEVIATION= G«09 ©SI

CR 0.01 PER CENT COF FULL SCALE
GAGE NUe 3 CONRAC

MAX PRESSURE = 500 PSl

AC 5)= 90359 B¢ 5)= «B88.,515
CORRELATION COEFFICIENT= 140600
VARIANCE= 0.28 PSI

MAXINMUM DEVIATICN= 0«69 PSI

C(® 0.4 PER CENT CF FULL SCALE
GAGE NGe 7 ITC NOS2

MAX PRESSURE =1000 PSI

Al T)= 2197.802 B¢ T)= «4.231
CORRELATICN CCEFFICIENT= (0.992
YARIANCE= 1453 ©8]

MAvINMUM DEVIATICIv= €436 ©S]

CR (.24 PER CENT OF FULL SCALE

31 =JUL~-T75

PAGE

GAGE NCe 2 SPARTON-SUUTHWEST
maX PRESSURE = 506 PSI
AC 2)= .107.009 B¢ 2)=
CCRRELATION COEFFICIENT=
VARIANCE = 6,73 PSI
MAXIMUNM DEVIATICN®

=75¢536
0.99E

lelé PSI

CR (.23 PER CENT OF FULL SCALE
GAGE NCe 4 BELL AND HOWELL

MAX PPESSURE = 300 PSl

AC 4)= 842140653 B( 4)= =3.138
CORRELATICv COEFFICIENT= (964
VARIANCE = 336 PSI

MAXINMUM DEVIATIGHh= 3.68 PSI
G (.74 PER CENT OUF FULL SCALE
GAGE NGe 6 ITC NOW!

MAX PFESSURE =1000 PSI

Al &)= 23474771 B( &)= 2.102
COPRELATION COEFFICIENT= (999
VARIANCE = Ge62 PSI

MAXINMUM DEVIATION= 2.16 PSI

CR (.21 PER CENT OF FULL SCALE
GAGE NGe ©

MAX PRESSURE = G PSI1

AC ()= 6.0G6 BC O)= G000
CCRRELATICON COEFFICIENT= (600
VARIANCE = 0.06 PSI o
max Mty DEVIATION= G«0G PSI
CR (G466 PER CENT GF FULL SCALE
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TABLE 4 (Continued)

(U) TABLE 4f - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 5 TO 6
HIGH-TEMPERATURE CYCLES 50 DEGREES C

31=JUL-78
(UNCLASSIFIED)
THE FITTING FUNCTICN 1St PRESSURE= A®VCLTAGE + B PAGE |
GAGE NGe 1| AERC-MECHAMNICAL GAGE NUe 2 SPARTUN=SUUTHWEST
MAY PRESSURE = 600 PSI MAX PRESSHUFE = 366 PSI

AC 1)= 6es1t2 BC 1)= =1.277 AC 2)= 1063+3842 BC 2)= <«7246306
CCPRELATICN CCEFFICIENT™ 140660 CORRELATICI CCOCEFFICIENT= (4993
VARIANCE= 0.29 PSI VARIANCE = Ge37 PSI

MaX1IMUM DEVIATICN= 035 PSI MAXIMUNM DEVIATIUNVE 116 PSI
CR (.14 PER CENT OF FULL SCALE (R 0.2 PEP CELT UF FULL SCALE

GAGE NGes 3 SEWNSOTEC GAGE [.Ue 4 BELL AND HLWELL

MAX PRESSURE = 7350 PpSI MAY PPESSURE = 5G0 PSI

AC 3)= 1304376 B¢ 3= G.314 AC 4)= 9286743 BC 4)= ~40804
CORRELATICON CCEFFICIENT= 14600 CUPRELATION COEFFICIENT= (4907
VARIANCE= 6e22 ©PSI VaRIANCE = 316 PSI

MA¥IMUN DEVIATICv= G+29 ™SI MAYIM'IN DEVIATICN= 4062 ©C]
R G.04 PER CENT CF FULL SCALE C® (e%2 ®ER CELT CF FYLL SCALE

SAGE NCe 53 CONRAC GAGE &Cs & 1TC NI
NAY PRESSUPE = 5060 PSI MAX PRPESSHURE =160 ™SI
AC 3)= 384145 B( 3)= =33.204 A 6)= 2322.068 B( &)= 647195
COPPELATIGN CCEFFICIENT= 146G CCRRELATIUN CCEFFICIENT= (4996
VAR ANCE= 6.24 ©53I1 Ya®lANCE = IeGi ®SI
MAMIN'I DEVIATICN= 0437 ©S] MAXINUl DEVIATION= 1e74 PSI
CP 0467 ®E® CENT CF FULL SCALE CR Gel7 PEF CEWNT UF FULL SCALE
g GAGE NOe 7 ITC NCW2 GAGE [.Ls §
4 nA¥ PRWESSURE =1660 PSI MAX PRESSURE = ¢ PSI
AL T)= 22374136 BC T)s ~3e512 AC G)= 60006 BC 6= 6¢6GG
CCRRELATICHh CUEFFICIENT= (4990 CORRELATICK COEFFICIENT=  GoGGC
varlanCE= 1473 PS1 VARIALCE = GGG PSI
LAY 1MIM DEVIATICh= 2¢135 P9I MAX Ty DEVIATION= G+66 ®»SI1
C® G(s+21 PE® CENT CF F''LL SCALE LR GeGG PEP CENT CF FULL SCALE
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(U) TABLE 5 - LEAST-SQUARES FITTING RESULTS FOR A 0~650 psi (0-4.5 MPa)
CALIBRATION AT VARIOUS TEMPERATURES

TABLE 5a - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 1 TO 3
LOW-TEMPERATURE CYCLES -15 DEGREES C

26-JdUL~78
(UNCLASSIFIED)
THE FITTING FUNCTICN 1S: PRESSURE= AYVOLTAGE + B PAGE |
GAGE NOs | AERC-MECHANICAL GAGE NCe 2 SPARTON~SCUTHWEST
MAX PRESSURE = 650 PSI MAX PRESSURE = 5006 PSI

Al 1)= 0.119 BC I)= =0.500 AC 2)= 107.398 BC 2)= =~78.316
CORPELATION CCEFFICIENT= 14G00 CURPELATICN CCEFFICIENT= 04997
VARIANCE= 1.06 PSI VARIANCE = 1125 PSI

MaXIMUM DEVIATION= 1494 PSI MAXIMUM DEVIATION= 16637 PSI
Cn (.30 PER CENT CF FULL SCALE OR 3+31 PER CENT OF FULL SCALE

GAGE NOe 3 SENSOTEC GAGE MUe 4 BELL AND HOWELL
MAX PRESSURE = 750 PSI MAX PRESSURE = 560 PSI

AC 3)= 149639 BC D= =3e214 AC 4)=120683+4274 B( 4)= ~3928
CCRRELATIOUN COEFFICIENT= 14060 CORRELATION COEFFICIENT= 0.994
VARIANCE= G.25 PSI VARIANCE = 1799 PSI

MAXIMUM DEVIATION= 0.85 PSI MAXIMUM DEVIATICN= 1974 PSI
Or G.11 PER CENT CF FULL SCALE Or 3495 PER CENT OF FULL SCALE

GAGE MO. 53 CONRAC GAGE NCe 6 ITC NGl -
MAX PRESSURE = 300 PSI MAX PRPESSURE =10600 PSI

AC 3)= 87686 B( 3)= <=8654696 A( 6)= 22304748 B( 08)= G834
CCPRELATION CCEFFICIENT= 140060 CORRELATION COEFFICIENT=  16GO
VARIANCE= 0453 PRSI VARIAMCE = 148 PSI

mAXYIMUM DEVIATICONS= 0.74 PSI MAXIMUM DEVIATICN= 9437 PSI
Or 0.15 PER CENT OF FULL SCALE CR 0.94 PER CENT OF FULL SCALE

TAGE NGe 7 ITC MGe2 GAGE NGe 0

MAYX PRESSURE =1GG0 pSi MAX PRESSURE = ¢ PSI

AC T)= 2044.,317 B 7)= =3+6860 a¢ o= 6.666 BC 0)= G060
CCRRELATICH CCOEFFICIENT= 1,060 COFRELATICN CCOEFFICIENT= (40060
VARIANCE= 1445 PSI VARIANCE = 0.06 PSI

MAXIMUM DEVIATION= 2495 PSI MAX1MUM DEVIATICN= 6460 ©®SI

CR 0430 PER CENT OUF FULL SCALE OR G.006 PER CENT UF FULL SCALE

!
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TABLE 5 (Continued)

(U) TABLE 5b - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 1 TO 4
ROOM-TEMPERATURE CYCLES 24 DEGREES C

2-AUG~-T78
(UNCLASSIFIED)

THE FITTING FULCTICN ISt PRESSURE= AMVCLTAGE ¢ B PAGE |
GAGE MCe 1| AERO~-MECHAMNICAL GAGE hU. 2 SPARTOUN-SOUTHWEST
MAY¥ PRESSURE = 660 P€l MAY. PRESSURE = 300 PSI
AT 1)s= 6115 BC 1)= .18 Al 2)= 1G61.1206 BC &)= 16197
CORRELATICN CCEFFICIENT= 14060 CLRRELATIUN COEFFICIENT=  14GGG
VAR 1ANCE= 1¢67 ©®SI1 VARIANCE = 6«80 PSI1 '
MAXINIYN DEVIATIGN= 3432 ©SI MAXIMUN DEVIATICON= 1e4% ©PS1

CR  Ge35 TER CENT CF FULL SCALE C™ 0436 PEP CENT CF FULL SCALE

3AGE MC. 3 SENSUTEC GAGE hL. &4 BELL ahD HOWELL

MAY PRESSURE = 73§ PS] nAY BRESS'IRE = 3406 PSI

AC 3)= 1494853 B( 3)= =24313 Al 4)=123134392 B( 4)= =3.0620
CCRRELATICN CCEFFICIENT= 14600 CUPRPELATIUN COEFFICIENT= 146066
VATIANCE= G423 ©€] VARIANCE = 4456 ©SI1

mavIn'M DEVIATICH= Ge34 ©»RI] MAYIMI'S DEVIATICON= 14.22 ©SI1

C® G467 TE™ CEMT CF FULL SCALE CP 2434 PE® CELT CF FULL SCALE ™

GAGE hCse 3 CCWRAC GAGE .Ce & ITC NHL}
MAY PRESS'RE = 306 ™SI MAX PRESSNHTE =16066 PSI
Al 3)= 384330 BC 3)= ~88.490! AC 8)= 24035954 EB( &)= ERY-F1
CCRRELATICN CCEFFICIENT= 14060 CURTELATIUN CUEFFICIENT= 1406066
varlahCE= Ge41 ©F] VAPlANCE = 2433 ©SI
1 pavVIM DEVIATICNS .71 ™SI MANINIM DEVIATIUNS T¢73 PSI
E C» Gel4 TE® CENT CF FUJLL SCALE LP G677 ®E® CEWLT UF FULL SCALE
:
3 GASE NCe 7 ITC NULSZ GAGE NhULe ©
1 MAaY "RESSUITE =1600 PSI MaX DRPERSUIDE = 6§ <1
4 AC T)= 215374713 BC 7)= “1e6%57 Al 0= GeGOO BC Gd= G«GGGC
g CC™PELATICM CCEFFICIENT=  14GGO CCPPELATION CULEFFICIENT= 046060
7 UarI1ANCE= 2+068 o] varlatCE = 0.006 ™SI
mavIwiis DEVIATICLS cedd TSI MAYIMIM, DEVIATIUM= 6«60 ™9
(P Gede PE® CELT LF FULL SCALE L™ (060G =2™ CENT LF FULL SCALE
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TABLE 5 (Continued)

(U) TABLE 5c - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 5
ROOM-TEMPERATURE CYCLES 24 DEGREES C

2-AUG~78
(UNCLASSIFIED)
THE FITTING FUNCTIGN IS: PRESSURE= AMVOLTAGE + B PAGE 1
GAGE NCe | AERC-MECHANICAL GAGE nGCe 2 SPARTON=SCUUTHWEST
MAX PRESSURE = 600 PSI MAX PRESSHURE = 560 PSI

AC 1)s= 0.115 BC 1)= e TA4D AC 2)= - 1624532 BC 2)= «T72.015
CORRELATICN CCEFFICIENT= 10066 COPRELATION COEFFICIENT= 140066
VARIANCE= l.71 PSI VARIAMCE = 232 PSI

MAXIMUM DEVIATICh= 3.09 PSI MAXIMUNM DEVIATICN= 5.09 PSI
GP (51 PER CENT CF FULL SCALE OR 1.62 PER CENT CF FULL SCALE

GAGE MOs 3 SENSCTEC GAGE NOe 4 BELL AND HOWELL

MAY PRESSURE = 730 PSI MAX PRESSURE = 560 PSI

AC 3)= 1494793 BC 3= =1+804 AC 4)=124454483 BC 4)= 144118
CCRRELATICN CCEFFICIENT= 1.000 CURRELATICUN CCEFFICIENT= 14000
VARIANCE= .32 PSI VARIANLCE = 1637 ©SI

MAXIMUM DEVIATIOCNv= 036 PSI MAX1MUM DEVIATIONS= 3¢90 ©PSI
CFR 0405 PER CENT CF FULL SCALE CR (.78 PER CENT UF FULL SCALE

GAGE NCe 3 CONPAC GAGE NGe 6 ITC NOWi

MAX ORESSURE = 500 PSI MAX PRESSURE =1§500 ®SI

Al 3)= 884622 B( 5)s «8T7.213 A( 6)= 2335.168 BC 6)= 4535
CCRRELATICN CCEFFICIENTs 14000 COPPELATICN CUEFFIGIENT= 14000
VARIANCE= 0.353 PSI VARIANCE = 3¢43 PSI

MA¥IMIM DEVIATICON= 0.54 PsSI MAX MM DEVIATION= 3469 PSI
CR Gel1 PER CENT CF FULL SCALE CR (.37 PER CENT OF FULL SCALE

GAGE NGe 7 ITGC NGe2 GAGE KhCe O

MAX PRESSURE =1600 PS! MAX PPESSURE = 6 PS1

AC 7)= 21554639 BC T)= 14489 AC G)= 6.0060 BC G)= 0.000
CCRRELATION CCEFFICIENT®  140GGG CCRPELATIULN COEFFICIENT= §4(GO
VARIANCEs= 2413 PSI VARIAKCE = 0466 PSI

MAY.1MIIM DEVIATICh= 4¢25 PSI MAY IN'M DEVIATICGN= 060G PSI
GR  (Ge42 PER CENT COF FULL SCALE UR (.60 PEP CENT OF FULL SCALE
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TABLE 5 (Continued)

(U) TABLE 5d - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 1 TO 2
HIGH-TEMPERATURE CYCLES 31 DEGREES C

(UNCLASSIFIED)

31=JUL~-73

THE FITTING FUNCTICH 1S: PRESSURE= A*VOLTAGE + B PAGE I

GAGE NCe 1 AERC-MECHANICAL

MAY PRESSUPE = 600 PSI

AL 1)= o113 B(C 1)s= G495
CORRELATIUN CCEFFICIENT= 14060
VAPIANCE= l1e76 PSI

MA¥IMUM DEVIATICh= 3.23 PS5l
G Ge54 PE® GENT CF FULL SCALE

34GE NCes 3 SENSCTEC

MAX PRESSYPE = 756 wSI

AC 3)= 1494538 BC 3)= “1e329
CCRRELATICON COEFFICIENT= 140600
VAP IANCE= Geld ©SI

MAXINMIM DEVIATICN= 6«54 ©S1
C? G(+07 ®EP CENT CF FULL SCALE

SAGE NCUe 3 CONRAC

MAX PRESSURE = 560 PSI

AC 3)= 384878 BC 5)= =37.383
CCRRELATICN CCEFFICIENT= 140660
VARPIANCE= .34 ©S8I1

MAN TN DEVIATIGN= G358 ©SI
CR (.12 PE® CENT GF F'LL SCALE

SAGE NCe 7 ITC NGa2

MAYX TRESSUPE =1(G066 ©SI

Al 7)= 21724613 BC T)= “3¢199
CCFRELATICN COEFFICIENT= 140666
VAPIANCE= 1«31 PSI

AV INIte DEVIATIONS 3e32 ©SI
C® (435 PEP CENT CF FULL SCALE

GAGE NCe 2 SPARTON-SCUTHWEST
MAX PRESSURE = 506 PRSI

Al 2)= 1024474 EC 2)= =T72.077
CURRELATION CUEFFICIENT= 140660
VARIANCE = 271 PSI1

MAXINUN DEVIATION= 463 PSI
CP (.93 PEP CENT OF FULL SCALE

GAGE nCe 4 BELL AND HUWELL

MAX PPESSURE = 3566 PSI

AC 4)=119068779 BC 4)=  =14.617
CURRELATICON CCEFFICIENT= 14G0G
VARIANCE = 279 PSI

MAXIM'4 DEVIATICN= 5613 ®©SI
Cr 14063 ®ER CENT COF FULL SCALE

GAGE NGe 6 1TC NOWI

MAX DRESSIIRE =]1GG6 ©SI

Al 8)= 24344987 BC §)= 40191
COPPELATICN COEFFICIENT= 14606
VARIANCE = 1456 PSI

MAY. IMUMN DEVIATICGH= 4433 ©vS]
LR (+43 PER CENT UF FULL SCALE

GAGE Ivue
MAX PRESSURE = 6 »SI

ac 6r= 6060 BC 6= GeGGS
CORRELATION CUEFFICIENT= 04650
VAT 1AWCE = 6«00 PSI

WwAX MM DEVIATIUN= 6«66 ™SI

CP (.66 PErx CENT CUF FULL SCALE
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TABLE 5 (Continued) °

(U) TABLE S5e - PRESSURE GAGE EVALUATION 650 psl CALIBRATION CYCLES 3 TO 4
HIGH-TEMPERATURE CYCLES 38 DEGREES C

31-JUL=-7

(UNCLASSIFIED) 8
THE FITTING FUNMGTICN 1St DRESSUFE= A*VCLTAGE + B PAGE |

GASE NCe | AERG-MECHANICAL GAGE KhOs 2 SPAFTCh=-SUUTHWEST

MAY PTESSURE = 6GG ©SI MAX PPESSURE = 3G ©SI

AC 1d= 64114 BC 1= Ge866  AC 2)=. 1624398 BC 2)= =724657

COGRPELATION CGEFFICIENT= 14060  CCPRELATIGN CUEFFICIENT= 14660

VARIANCE=  1.90 PSI VARIANCE = 2487 PSI

NAXINM DEVIATION= 3443 PS] MAX 1NN DEVIATION= 5463 PSI

CR 6437 PE® CEMT CF FULL SCALE CR 1413 PER CENT UF FULL SCALE

GAGE tnCe 3 SENSCOTEC GAGE KOs 4 BELL AND HCWELL

haY TRESSURE = 730 P&} MAX PRESSUYRPE = 5606 PSl

AC 3= 149.864 BC 3)= ~l1+186 AC 4)=118224266 BC 4)= =~12.011
COmRELATICN COEFFICIENT= 14000 CORRELATICI COEFFICIENT= 14GGO
JYARTANCE= 0.11 ™SI VARIANCE = 335 8]

MAXIMUM DEVIATICGh= Ge34 ©81 MAY 1M DEVIATICON= 6e21 ©SI

C® (65 PE® CENT COF FULL SCALE CF 1+24 PER CENT OF F'YILL SCALE

GAGE NCe 5 COLTAC GAGE NDs 6 ITC NG

KAY ORESSURE = 3(( ©SI MAX PRESSYPE =16606 »SI

AC 3)= 394663 B( 3)= <=854978 Al 0)= 24634124 EC 6)= 345359
CORRELATICN CCEFFICIENT= 14600 CCETELATICh CCEFFICIENT= 14060
VARIANCE= 033 ©PsI VARIANCE = 1449 ©81

MAVIMUM DEVIATIOCL= 675 ©9l NA¥INMUN DEVIATICML= 3¢50 FSI

O™ Gel3 PER CENT OUF FULL SCALE CP (.35 PEF CENT OF FULL SCALE

4

S3AGE MNCe 7 ITC NGo2 GAGE hUe €

hAX PRESSUPE =1660 PSI MAX TPESSURE = 6 PSI

Al 7)= 220606063 BC 7)= 30613 AC )= 64006 BC G)= 0600
CCPPELATICN CUEFFICIENT= 140606 CORRELATICL CCEFFICIENT= G(eGGO
YARIANCE= le76 PSI VARIANCE = 0.006 Ps1

baY1kitty DEVIATICON= 339 PSI1 NA¥IMUY, DEVIATION= 6«00 ©SI

Cm (+30 PE® CENT CF FYLL SCALE (™ G060 PER CENT OF FULL SCALE
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TABLE 5 (Continued) °

(U) TABLE 5f - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 5 TO 6
HIGH-TEMPERATURE CYCLES 50 DEGRRES C

(UNCLASSIFIED)

THRE FITTING FUNCTION 1St PRESSURE= A®VCLTAGE + B

GAGE NCe 1| AERG-MECHANICAL

MAY PRESSURE = 600 P8I

AC 1)= 04313 BC )= 1327
CCRRELATION CCEFFICIENT= 14000
VARIANCE= 2.00 PSI

MAXIMIUM DEVIATION= 3.68 PSI1
CR G611 PER CENT CF FULL SCALE

GAGE NCe 3 SENSOTEC

MAY PRESSURE = 730§ PSI

AC 3)= 149,835 B( 3)= 6.312
CORRELATION CCEFFICIENT= 146060
VARIANCE= 6.17 PSI1

MAYIMUM DEVIATION= 0.27 ®SI
CR  Ge04 PE® CENT CF FULL SCALE

SAGE NCe 3 CONRAC

MAX PRESSURE = 500 PSI

AC 3)= 89.343 B( 5)= =864954
CCRRELATION COEFFICIENT= 14660
VAR1ANCE= .42 ©SI1

MAX1MUM DEVIATICN= 673 ®s81
C® 0.15 PER CENT OF FULL SCALE

SAGE NCe 7 ITC NCo2

MAX PRESSURE =1000 PSI

AC T)= 22084763 B¢ 7)= =2.071
CCRRELATICON COEFFICIENT= 14006
VARIANCE= 510 PSSt

MAXIMUM DEVIATION= 12453 ©8§]
CR 1425 PER CENT OF FULL SCALE

LR T R I e

31=JUL=~T3
PAGE |

GAGE NCe 2 SPARTON=SQUTHWEST
MAX PRESSYRE = 560 PSI

AC 2)= 102.040 B( 2)= ~71.881
CORRELATION COEFFICIENT= 1.000
VARIANCE = 3.28 PSI

MAXIMUINM DEVIATICGh= 577 ®©S1
CR 1.+15 PER CENT OF FULL SCALE

GAGE NOs 4 BELL AND HOWELL

naX PREZSSYRE = 5006 PSI

AC 4)=11775.692 BC 4)s  =11.123
CCRRELATION COEFFICIENT= 14060
VARIANCE = €439 PSI

MaX1MUM DEVIATIGh= 2+43 PSI
CR  0.49 PER CENT OF FULL SCALE

GAGE NCe 6 ITC NQWl

MAX PRESSURE =1000 PSI

AC 9)= 24674676 BC 6)= 2413
CCRRELATICUN COEFFICIENT= 14066
VARIANCE = 4.95 PSS

MAX1IMUM DEVIATION= 12452 ©PSI1
CR 1425 PER CENT GF FULL SCALE

GAGE NGe ¢
MAX PPESSURE = 6 PSI

Al G)= G+060 BC G)= 6660
CORRELATICN CUEFFICIENTs  G-G0G
VARIANCE = (466 PSI

MAXINUM DEVIATION= Ge.6 PS§I
CR 000 PER CENT GF FULL SCALE
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(U) TABLE 6 - LEAST-SQUARES FITTING RESULTS FOR A 0-30 psi (0-207 kPa)
CALIBRATION AT VARIOUS TEMPERATURES

TABLE 6a -~ PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 1
LONG-TERM CYCLING RND OF FIRST WEFK AT 24 DEGREES C

(UNCLASSIFIED) 22-AUs-73
THE FITTING FUNCTICN 193 PPESSURE=z AMULLTAGE + B PAGE 1

JA3E NLe I AERUMECHANICAL ’ APRE Lie 2 9?A°TQA'?UUThWEST

OV DEEQANNE = A PC] fAaY TRESSUTE = 3006 81

Al )= 0114 BC 1)= -]l 472 a¢ 2)= 107296 BL )= =T73¢343

CLR=ELATICN CCEFFICIENT= 106060 CCRrELATIGN CCEFFICLIENLT= §000

van1alCEs 6s106 =81 1at1AiCE = Ge33 ©S]

faa Tty DEVIATICOhS " Gel4 ™SI mavimtiy DEVIATIUKS 6ed0 *SI

"™ GelGe mE™ CENT OF FULL SCALE C® Go.l1 RE® CENT UF F"LL SCALE

GASE hle 3 SENSLTEC GAa3E wGe 4 BELL AND HUWELL

MOV PTERSURE = 736 T [1AY ©RLESURE = 3G( FSJ

£C 3)= 130375 BC 3)= =0 235 Al 4)=100354687 EB( 4)= 184333
CL™ ELATICN CCEFFICIEr™= 14006 CLTreLATICN CLEFFICIENTE (o321
vyarianCEs G062 ~RI1 AT I ALCE = wel3 ©Ql

LAY Ity DEVIATICL: 611 w1 cAVIE DeYIATIueS 3033 T¢I

Gt G022 "E® CETNT LF FU'Li SCALE LT (07 PE® CEMT UF FULL ©CALE

3A3€ LLs 3 CULITAC GASE LUe & ITC Lloed

mAY TTESQURE = 3040 PR mAY TPESQUTE ={164606 TSI

A( 3)= 334023 B( 3)=  *=36.701 AC 5)3 23476663 B( )& 21734383
CL="ELATIUL CUEZFFICIELT=s  140G6 CLPTELATIGL CUEFFICLENTSs (o730
marlances GeGS ™SI vaelahCE = 15413 TEL

havIs DEVIATIULLE 6.07 T™¢I MAV LMy CEVIATIWLE 11e71 ™0l

L™ GeGl PE™ CENT LF F'LL ©CALZ LR 1ol 7 PET CELT COF FULL SCALE

! JA3E LLe T ITC Nl 3AGE LULe O
j WAY TRECCTTE 26606 PRI maY TPRPECSHTE o ¢ ™al

AC T)= TO5T413%3 B Tiz 132430 a¢ G)= G«GCC BC Go= G6+G0G
CLrmELATILLN CUEFFICIENT= (o072 CLR=ELATICH CUEFFICIENT= (40600
TeTJAaNCES 12433 T°I1 TAPIAWCE = G606 ™SI

weVIathy DEVIATICN= 13636 T°1 mAY M, DEVIATICN= G«GGC ©SI
(= 1433 mEP CuEpT CF FULL ©CelL L® G(+G0 PE™ CENT LF FULL SCALE

(%3 IN\Y )

TEY

i
=D LF EVeC'TIlw

Crt TLLE: 1432 SLATSED TImE: 1aiZ2de33
eviT
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TABLE 6 (Continued)

JU) TABLE 6b - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 2
LONG-TERM CYCLING END OF SECOND WEEK AT 24 DEGREES C

(UNCLASSIFIED)

THE FITTING FUNCTICN 1S: FPESSYPE= A®VCLTAGE + E

GAGE NGe 1| AERC-MECHANICAL
MaY PRESSURE = 600 PSI
AC 1)= G.314 B( )=
CORRELATICN CCOEFFICIENTs
JAR1ANCE= 6e15 ®S8]
MAY IMUM DEVIATION= 6.27 ®SI
C® 0.04 ®E® CENT CF FULL SCALE

~14520
1466

GAGE NGe 3

SENSCOTEC
mAX ®RESSYRE = 7350 PSI
AC = 1434311 BC 3)= “Gecl7
COPRELATIUN CUEFFICIENT= 14660
VArlANCE= Geld PSI
MAY 1Mt DEVIATICN= 0.14 PSI1

C® (.62 PER CENT UF FULL SCALE

GAGE NG« 3 COhPAC

iMA¥ PRESSUTE = 35066 PSI

AC )= 87943 B( 3)= «B64730
CCPRELATICH CCEFFICIENT= 14660
YARIANCE= G.02 P©SI

MA¥ 1IN DEVIATICH= 0.64 w¢]

Cr 0+.61 PE™ CENT COF FULL SCALE

34GE hNGe 7 ITC NCe2

MAY PRESSUPE =606 ©S]

AC 7)= T361+373 BC T)= «199.692
CCPRELATICN CCEFFICIENT= (431
VARIANCEs 23417 ©S1

HAVIe'JM DEVIATIOGW= 23«G3 PS]
0P 2306 ®EP CENT CF FULL SCaLE

23=-AUG~78

PAGE |

GAGE NCe 2 SPARTON=SCUTHWEST
MAX PRESSUPE = 560 PSI
AC 2)= 103203 BC &)=
CURPELATIUN CCEFFICIENT=
YAPIANCE = 0.53 ©S1
MAXIM'IM DEVIATICHh= 6.4l ©g]
Cr (.68 PEF® CEMNT COF FULL SCALE

734273
6999

GAGE hCe 4 BELL AND HULVELL
MAX PRESSURE = 5606 PSI
AC 43212300000 BC 4)=
CCPRELATIUN CUEFFICIENT=
YAR1ANCE = 6.6 PSi
MAYIMIM DEVIATIUN= 6«66 ®SI
LR G(G+G0 PEF CENT CF FULL SCALE

13736
1GG0

GAGE KLe & ITC NUI
MAYX PRESSURE =1G00 ©SI
AC 0)=11921896 B( 90)= =283.7306

CORPELATION CCEFFICIENT=s (04353
VARIANCE = 31.36 PS!
MA¥10WIM DEVIATICON= 31.66 PSI

" 3416 PEF CENT OF FULL SCALE

GAGE NCe §

MAY PFESSURE =  § PSI

AC G)= 6eGGO EC¢ G)= 660G
CURRELATION CCEFFICIENT® (o060
VARIANCE = (466 PSl ,
MAXINUM DEVIATIUN= 6«66 'PSI

GR Ge0606 PER CENT UF FULL SCALE
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TABLE 6 (Continued) .

(U) TABLE 6c - PRESSURE GAGE EVALUATION 30 psi CALIBRATION CYCLES 3
LONG-TERM CYCLING END OF THIRD WEEK AT 24 DEGREES C

(UNCLASSIFIED)

A

21-A11G-78

THE FITTING FUNCTICK IS: PRESSUPE= A*VGLTAGE + B PAGE

GAGE NOe 1| AERC-MECHANICAL

faY PTESSHRE = 600 ©Sl

at )= Del13 BC 1)= =1led42
CCFRELATION CCEFFICIENT= 140GC
VARIANCE= (.20 PSSl

MavlntIM DEVIATICHh= Ge37 ™SI
C” (.0¢ PER CENT OF FULL <CaLE

JAGE NGe 3 SENCCTEC

lpY BRECSSURE = 730 8]

AU 3)= 1494830 BC 3)= =Ge322
CLPPELATICIy COEFFICIENT= 14600
Upr1ANMCES= Gel2 721

MAY KUY DEVIATILW=: 617 ©81
L™ Ge02 TE™ CELT LF FM"LL SCALE

3A3E MUe 3 CCLPAC

MAY DOESSURE = 3060 »¢]

Al 3= 574403 BC 3)= 254293
CO"RELATIGN CCEFFICIEL™= 14666
VAR IANCE= 0+13 ©9]

BaY 1M DEVIATICN= Geal ©3]
C™ G463 PE™ CENT OF FULL SCALE

SASE LCe T ITC WCo2

haY PPEeCNTE =](G6 Pe]

AC 7)= 3467474 BC T)=2 =2(54274
COPTELATICN CCEFFICIENT= (o612
TaRIALCE=S 12409 =el

ravivtle, DEVIATICK= 1334 ©9]
L7 1439% PEP CENT ULF FJLL ©CALE

R

. CORRELATION CCEFFICIENT=

GAGE hGCe 2 SPAPTUN=SCUTHYWEST
MAY PPRESSURE = 366 PSI .
AC 2)= 10614947 BC 2)5  =71473

039

-~ =~}

vaclanCE = 6.6% PSI
MAYIN'TM DEVIATICL=
CF (23 ®ER CENT CGF F'ILL SCALE

GAGE 1.Ce 4 BELL ARD HUVELL

NAY PRESSHPE @ 5G( m€] .
PC 4)=17G514254 BC 4)= 1

CCFRELATIUN CUEFFICIENT=
VARPIALCE = 1443 TSI .
MAVIE' DEVIATIUNE 1473 ™Sl
L® 0435 BE™ CELT UF F'ILL SCALE

GAGE e & ITC LKLl

{AY PPESSYRE =1606 PSI

Al 0= 73264345 BC 6)3 =13Cecux
CL™PELATICON CUEFFICIELT= Ge3G1
YATIAILCE = 7466 ™SI

Fevlethw DEVIATION= 16433 P©SI
C® 1464 ©ER CENT UF FULL SCALE

GAGE WCe §

AN DRESSUPE = ¢ »q]

¢ 0Gys= G«GGC BC G)= 6GGGC
CUPPELATILL COEFFICIELT=  GoGGG
VAaRIpI.CE = G066 rw<J

AN INEL DEVIATIUL= Ualy ©e]
L™ G066 PEY CENT UF F'ILL <SCALE
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TABLE 6 (Continued)

(U) TABLE 6d - PRESSURE CACE EVALUATION 30 psi CALIBRATION CYCLES 4
LONG~TERM CYCLING END OF FOURTH WEEK AT 24 DEGREES C

(UNCLASSIFIED)

21=AUG=-T7

THE FITTING FUNCTICN 1S: PRESSUPE= ANVCLTAGE + b PAGE

GAGE MGe 1| AERCU-MECHANICAL

Mav PRESSURE = 360 P9l

Al 1)= G113 BC 1= ~1e370
CO=PELATION CCEFFICIENT=" 1.GG0
VArlANCE= G+13 ©€1

MavIMIY DEVIATICNKE Ce22 ™SI
CR (.04 E® CELT CF FULL SCALE

SAZE hCe 3 SENSCTEC

MaY TRECCNUTE = T30 ™9

AL 302 14549206 BC 3= =Ge301
CUmRELATICL CCEFFICIENT= 146066
UARIANCE= Geld Pe]

MAVIWM DEVIATICNE Ge34 PCl
" Ge64 "ER CENLT CF F'LL SCALE

3AGE KCe 3 CChmAC

(WAY PRECSNTPE = 3006 PSI

Al 3)= 274789 Bl 3)= =2Ge307
CLr™ELATICN CCEFFICIENT= 14666
YARIANCE= Gell PS]

AY 1! DEVIATIUONS 6e¢ld PQ]
C™ G+G3 "E® CENT CF FI'LL ©CALE

3A3E MCe T ITC WCo2

WAY PRECCHPE =166 P61

AC 7)== 234234838 BL T)s 1324679
COPPELYTICL COErRICL T f 02
YePIALCE: 13436 ©9]

@Yy DEVIATICNS 23467 ©SI

L™ 2437 PER CEWT CF FYLL SCALE

GAGE NCe 2  SPARTCL=-SOM'TRWEST
kAt ®PRESSURE = 3G( PSI

Al 2)= 1066353 EC 2)= 716064
COPRELATICN CCEFFICIENT= (397
UYAPIANCE & G+67 P8I

MAYINUMN DEVIATION= 1437 ©S1
CF G+27 PE® CENT CF FULL SCALE

GAGE WLULe 4 BELL ahD HCOWELL

MAY, PRESSURE = 306 PSSl

AC 4)=12a2040806 B 4)= 134675
CUFRELATIUON CCEFFICIENT= (43958
YATIANCE = Ge34 PS]

MAVIWM DEVIATICN= fezo ™SI
L" Gel7 PEF CEWT UF FULL SCALE

GAGE hCs & ITC (vCel

MAY PREe’NDE =160 PS]

AT G)= G5T734031 EC 0)=  =74434¢
CCFRELATICL CCEFFICIENT= (436
VATIALCE = 13479 ©SI1

PAVINMTN DEVIATICON= 16¢43 ®S]
L™ 14635 PET CENT CF F'ILL SCALE

GAGE NGe €

MAY PRESSYPE =2 6 »sl

AL ()= 6.6G0 EC C)= G000
CUNTRLATIO, TonW e T= 363350
VATIANCE = GGG =}

aX 11Ut DEVIATICh= GeG6 PSI
CP G060 PEF CEMT UF F'ILL SCALE
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(U) TABLE 7 - LEAST-SQUARES FITTING RESULTS FOR A 650 psi (0-4.5 MPa)
CALIBRATION AT VARIOUS TEMPERATURES

(U) TABLE 7a - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 1
LONG-TERM CYCLING END OF FIRST WEEK AT 24 DEGREES C

(UNCLASSIFIED)

THE FITTING FUNCTICON ISt PPESSURE= A*VCLTAGE + B

3A3E NCe 1 AERC-KECHAWKICAL
nAY PRESSYRE = 6066 FSI

Al s Gell3d B(C 1= GelSe
CL™ELATICN CUEFFICLENT= 140660
verIANCE= leds ®PSI

A Tutls DEVIATICN= 2417 PSI

(™ G356 PE® CENT CF FULL SCALE

GA3E LCe 3 “ENSCTEC

AvY TPEESITE = 73( PS]
AC 3)= 147.726 B( 3)=
CCPPZILATICI CCLEFFICIENT=
AR TANCE= Ge13 ©9]
MAYINI, DEVIATICK= Ge29 ©<Jp
= Geb4 PE™ CELT UF FYLL SCALE

-01039
1666

3A3E hue 3 CUINPAC
[4AY TRESSMRE < 3006 TSI

A( 3= 3243%3 B( 3)= ~8T7Te341
CORRELATICt COEFFICIENT= 140G
AR IANCES= («335 1©8q]

MAYIety DEVIATIL..= Ge32 pel
C? G.l2 PER CEWT LF FILL <CALE

IP3E NCe 7 ITC vLae2

LAY TDERENRE =[G40 ©S]

AL T)= 21354365 B¢ 735 <301
CLTRELATICH CCEFFICIENT= (o9
MeT1ANCE=  12.:3 pe}

LavIe'y TEVIATIOL= 32433 pep
Cr 3425 ®EP CE.LT CF FULL cCaLE

R e e P

23=A1G=T3

PAGE I

GAGE NCe 2  SPARTOL=SUIITHWEST
MAY PRESSURE = 300 *SI
AC 2)= 1020620 EBC )=
CORRELATICN COEFFIGCIENT=
vAr1ALCE = 2¢34 PSI
MAXIMUN DEVIATIULL= 531 ®S1
C® 1406 PER CELT LF F'ILL SCALE

~Tle43e

1eGGO

GAGE hCe 4 BELL AND HUVELL
MAY DRESSMRE = 350 D]

aC 4)=126134514 EC &)= €le336

COPPELATICKL CLEFFICIELT= (4999
VARIAMNCE = T+29 T8i
MAX MY, DEVIATICK= 1Gecli ©SI

CP Ze04 PE™ CELT LF F''LL SCALE

SAGE LLe & ITC NUI

MA¥ PTESSYURE =]6006 ™51
AC 6)= 2439845 O( 5)=
CURRPELATICL, CUEFFICIEWLT=
VATIANCEZ = 13461 PCl
MAXIMI DEVIATIUL= Saech r3]
U™  3+42 PER CENT UF FULL SCALE

“lZ3eTal
Ge59c

SAGE ﬁbo 0

MAaY DnEQC‘TI!‘E = G o]
At )= GeGG6G EC G)= GeGGG
COPPELATION CCEFFICIENTS  GoGGG
VARIANCE = (oG TSI
“AVINTL, DEVIATICL= 666 PSI

L™ 0eG6 PE™ CENT UF FI'LL SCALE
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TABLE 7 (Continued)

(U) TABLE 7b - PRESSURE GAGE EVALUATION 630 psi CALIBRATION CYCLES 2
‘ LONG-TERM CYCLING END OF SECOND WEEK AT 24 DEGREES C

(UNCLASSIFIED) -

THE FITTING FUMCTICN 1Ss PRESSUPE= AWVCOLTAGE ¢ B

SASE NCe 1 AERGC-MECHANICAL
MAX PRESSURE = 600 PSI
Al )= 0115 BC )=
CCoRELATION CCEFFICIENTs
VARIANCE= 152 PSI
MA¥INUM DEVIATICNs 285 ©Sl1
0® 0(.+.48 PER CENT CF FULL SCALE

«0eldo
1060

GAGE NOe 3 SEMNSOTEC

MAX PRESSYRE = 73( PS!
AC 3)=  149.752 B¢ J)=
CORRELATICN COEFFICIENTs
VAR]ANCEs= 0.13 ©»S}
MAXINUM DEVIATIGNS® 6.32 ©SI
OR (.04 PER CENT COF FULL SCALE

(o7&
14000

GAGE NULe 5 CONRAC

MAX PRESSURE = 300 PSI
AC 3)s= 884680 B( 5)=
CCRPRELATICM CCEFFICIENT=
VARIANCEs= 6.36 PSI
MAXIMUN DEVIATICNs 0.62 PSI!
CR (.12 PER CENT CF FULL SCALE

»87.8353
10060

GAGE NOe 7 ITC NCe2
MAY PRESSURE =1060 ™SI

Al T)= 2184935 BC 7)= <30.088

CCRRELATICN CCEFFICIENT= (4998
YARIANCE®s 13.44 PS]
MAXINUM DEVIATIONSs 3393 PSI!

(" 3439 PL% CENT OF FULL SCALE

23=-ANG=78

PAGE

GAGE NCUe & SPARTON=SOUTHWEST
MAYX PRESSURE = 560 PSI
AC 2)= 1062.130 B¢ 2)=
CCRRELATION CQEFFICIENT=
VARIANCE = 278 PSI
MAX1MUM DEVIATICh= 536 PSI
CR 1417 PER CENT UF FULL SCALE

*T2¢40G4
14000

GAGE NOs 4 BELL AMND HOWELL
MAY PRESSYPE s 500 PSI
Al 4)=125238.876 BC 4)s=
CCRPELATICI COEFFICIENT=
VARIANCE = 132 PSI
MAXINUM DEVIATIONS 230 PSI
CR (.46 ER CENT OF FULL SCALE

14256
1.000

GAGE NCe 6 ITC NG

MAY PEESS'PE =1000 PSI
Al 0)® 24724240 B( &)=
COPRELATIUN CCEFFICIENT=
YARIANCE = 10+86 PS!
MAXINII DEVIATICNs 38.88 PSI
OR 3+39 PER CENT CF FULL SCALE

264333
G997

GAGE MU G

nAX PRESSURE = G PSI

AC G)x  Ge00G BC 0d=  GoGO
COPPELATIGN COEFFICIENT®  G+G00
VARIANCE = GoG0 ®SI

MAXIMUM DEVIATION®  GeG0  PSI

GR G+GG PER CENT CF FULL SCALE
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TABLE 7 (Continued) -

(U) TABLE 7c - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 3
LONG-TERM CYCLING END OF THIRD WEEK AT 24 DEGREES C

(UNCLASSIFIED)

THE FITTING FUNCTIOM ISs PPESSURE= A®VCLTAGE + B

3AGE NCe 1| AERC-MECHANICAL
MAYX PRESSURE = 600 PSI
AC )= 6.116 BC 1)s=
CORRELATION CCEFFICIE"Ts
VARP1ANGCEs= 157 PS8}
MAXIMUM DEVIATIONSs 2.91 PSI
C” 0.49 PER CENT OF FULL SCALE

<0450
1.000

GASGE NCe 3 SENSCOTEC

MAY ©RESSURE = 75( PSI|
AC 3)= 1494743 B( )=
CCRRELATION COEFFICIENTs
VARl ANCE= Ge16 ®PSI
NAXINYM DEVIATICON= 0.36 PSI
(P 0+05 PER CENT CF FULL SCALE

04891
14600

343E NGCe 3 CONRAC

MAY PRESSUIRE = 500 »SI
Al 3= £8.571 B( 8)s
COmRELATION COEFFICIENTs
TARIANCE= 634 ®©81
MAXINUY DEVIATION® 0.5 Ppsi
(" Gel2 PER CENT OF FULL SCaALE

«874639
14000

SAGE MOe T ITC NCe2
ey CRESSURE =]1000 PSI

AC 7)= 22604930 BC 7)== =33.403

CCrPELATION COEFFICIENT= (0.998
vAPIANCE=® 13475 PSI
“AavImMlie DEVIATION= 23.16 PSI

C® <2432 PER CENT OF FULL SCALE

21=AUG-738

PAGE

GAGE NGe 2 SPAPTGN=SOUTHWEST
MAX PRESSURE = 500 ©SI
AC 2)s 1614530 BC 2)=
CORRELATICh CCEFFICIENTs
VARIANCE = 2.28 PSI
MAXIMUM DEVIATION= 5.16. PSI
OR 1.03 PER CENT OF FULL SCALE

7T} e093
16606

GAGE NGe 4 BELL AND HCYELL
MAX PRESSURE = 560 PS!
AC 4)=12514.461 B( 4)s
CORRELATION CCEFFICIENT=
VARIANCE = 136 PSI
MAXINMUM DEVIATION= 1068 PSI
CR (.34 PER CENT OF FULL SCALE

144384
1600

GAGE NCe 8 ITC NQol
MAX PRESSURE =000 pSi

AC 6)= 2441.128 B( 6)= . =19.920

CCRRELATICON CCEFFICIENT= (4998
VARIANCE = 13.69 PSI!
MAXIMUN DEVIATICN® 22.31 PSI

OCP 2.23 PEP CENT OF FULL SCALE

GAGE NCe 6

NAX PRESSURE = 0 ©S]

AC 0)= 6eGGG BC 0)= 6600,
CORRELATIOM CGEFFICIENT® o000
VARIANCE = 0+G0 PSI P
MAXIMUM DEVIATICN= 6eGG PSI*

CR 0.00 °ER CENT GF FULL SCALE
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TABLE 7 (Continued)

(U) TABLE 7d - PRESSURE GAGE EVALUATION 650 psi CALIBRATION CYCLES 4
LONG~TERM CYCLING END OF FOURTH WEEK AT 24 DEGREES C

(UNCLASSIFIED)

THE fITTING FUNCTICN 1Ss PRESSURE= A®VCOLTAGE + B

GAGE NGe | AERC-MECHANICAL
MAX PRESSURE = 600 PSI
AC )= 0.116 BC 1)=
CORRELATION COEFFICIENT=
VARIANCE= 1+52 PSI
MAX1MUIM DEVIATICN= 2+69 rSI
OR 035 PER CENT OF FULL SCALE

'00293
1.000

GAGE NOs 3 SENSOTEC

MA¥ PRESSUPE = T30 ™SI
AC 3)= 149.760 B¢ 3)=
COCPRELATICN CCEFFICIENT=
VARIANCE= G195 P8l
MAX1IMNUM DEVIATIGhs Ge4b ™51
CR G+063 PER CENT OF FULL SCALE

fe623
14606

GAGE NCs 3 COUNRAC

MA¥ PRESSUYRE = 3(( PSI
Al 3)= 88+041 B( 3)=
CORRELATION CCEFFICIENT=
VAP IANCE= 035 PSI1
MAVIMUM DEVIATICN= 6.33 BSI]
OrR .12 PER CENT CF FULL SCALE

874675
14660

GAGE HOe 7 1ITC NGo2

MAX PRESSYURE =1G00 PSI
AC T)= 21334597 BC T)=
CORRELATICI COEFFICIENT=
VaR1ANCE= 11401 ®SI
KMAXIMYIN DEVIATION= 23.03 ©®S]
CP  2.30 ®E® CENT CF FULL SCALE

«23+967
G.999
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21-AUG=-78

PAGE

GAGE NOe 2 SPARTUN=SCUTHWEST
MAY PRESSURE = 500 PSI
AC 2)= 1614345 B( 2)=
CORRELATICN CCEFFICIENTSs
VARIANCE = 2.3l PSl
ma¥IMyUM DEVIATICN= 505 PSI
O® 1461 PER CENT (F FULL SCALE

«T1+674
1.GG0

SAGE nOe 4 BELL AND HGWELL
MAX PRESSURE = 360 ®PS!
AC 4)=1253264545 B( 4)=
CUPPELATICN CCEFFICIENT=
VARIANCE = 0.62 PSI
MAXINUN DEVIATIUL= 131 ¥SI1
C® G430 PER CENT GF FULL SCALE

14974
1G00

GAGE NMUe 6 ITC NGl

MAX PFESSURE =10G0 PSI
AC )= 2333176 B( G)=
CORRELATION COEFFICIENT=
VARIAWCE = 966 PSI
MAY.IMUM DEVIATION= 1933 PS1
GR  1+94 PER CENT CF FULL SCALE

~3e747
0939

GAGE NCe ©

MAX PPESSHRE = G PSI

al )= 066G BC O)= G+06GG
CCORRELATICN CCEFFICIENT=  §4GGO
VAPIANCE = G.6C Ps1

MAX1IMUM DEVIATICON= 6.G6 PRIL

CP G«00 PER CENT OF FULL SCALE
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APPENDIX B
DERIVATION AND APPLICATION OF EQUATIONS FOR
DEPTH-GAGE MOUNTING LOCATION ANALYSIS

The purpose of this analysis is to determine the effect of buoy pitch and
roll on the relative positions of two points (A&B) representing the locations of
the depth gage and the point in the buoy to which buoy depth is referenced. The
effects of buoy pitch and roll on relative positions are illustrated by Figures
27 and 28, respectively. .Table 8 lists pitch angle as a function of speed for
the POSEIDON buoy.

(U) TABLE 8 - POSEIDON PITCH ANGLES

(UNCLASSIFIED)

Speed Pitch Angle
knots degrees
0 5.0
2 6.0
4 7.0
6 9.9
8 11.0
10 11.5
12 12.0
13 12.0
14 12.0
15 12.0
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(UNCLASSIFIED)

(U) Figure 28 - Geometry for Depth Error Analysis Due to Roll Angle
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The errors due to depth gage mounting location are defined by the following

equations. The pitch-angle and roll-angle errors are developed separately.*

The components of pitch displacement between points A and B are:

X = -
A XB-XA (2)
AY = YB-YA

Since the pitch displacement between points A and B does not vary with buoy
attitude:

wh? + @ayh? = op? 3)

Combining the equation with the relationship:

e

AX

= Tan B (4)
The distance between points A and B in pitch referenced to the Xl--Yl-Z1

coordinate system are:
AX1 = Dl cos 8

Af‘=nlsnxs (5)

The components of roll displacement between points A and B are:

AZ = ZB-ZA ’ (6)

Since the roll displacement between points A and B does not vary with buoy
attitude:

wzh? + @rh? = 0,2 ©

Combining this equation with the relationship:

1
A
—XI = Tan @ (8)
AZ

%
" For symbol definition refer to Notation listing
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The distance between points A and B in roll referenced to the Xl--Yl-Z1

coordinate system are:

AZ1 = D2 cos ¢
1 9

AY" = D2 sin ¢

Combining the equations for pitch and roll, the components of distance between
points A and B for any pitch and roll angle are:

Axl = D1 cos (10)

AYl = D1 sin B + D2 sin ¢ (1)
1

Az” = D, cos ¢ (12)

The difference in relative positions of points A and B between the buoy at zero
pitch and roll and the buoy at some arbitrary pitch and roll angle is:

X diff = D, (cos B - cos ¢) (13)
Y diff = D1 (sin 8 - sin ¢) - Dy (sin § -~ sin V) (14)
2 diff = D2 (cos Y - cos 8) (15)

An example of the depth gage mounting location error analysis is provided
to lead the reader through the problem.
For the POSEIDON buoy, taking Point 1 as the top of the auxiliary wire

antenna mast and Point 2 as the present location of the Depth and Destruct

cannister:
AX = 5 - 39,625 = -34.,625 in. (-0.88 m)
AY = 10 - 27.4 = =17.4 in., (~0.44 m)
AZ = 0
= 206.6°
Dl = 38.75 in. (0.98 m)
§ = 270°
D2 = 17.4 in. (0.44 m)
B =a + 206,68°
v o= ¢ + 270°
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X diff = 38.75 (cos B+ .893) in. (0.98 (cos B+ .843) m)
Y diff = 38.75 (sin B8+ .449) -~ 17.4 (-1-sin ¢ psi) in,
Z diff = 17.4 (cos y - 0) in. (0.44 (cos ¢ 0) m)

Assume max pitch angle of 15 degrees, max roll angle of 2 degrees
X diff = 5.66 in, (0.14 m)
Y diff = -8.35 in. (~0.21 m)
Z diff = 0.60 in., (0.01 m)

Assuming a speed of 6 knots and a depth of 8 ft (2.5 m) the parametric partial

derivatives are: (from Reference 1):

1. For antenna floating length, AFL = 0.929 ft/in. (0.111 m/cm)
AY

2. For submerged antenna trail, AXS = 0,463 ft/in. (0.055 m/cm)
Ay

Then, using AY = Y© = AY + Y diff = 25.75 in. (-0.65 m)

AFL = floating length error = -25.75 (0.929) = 23,92 ft (-7.29 m)
AXL = gubmerged trail error = -25.75 (0.463) = -11.92 ft (-3.63 m)
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
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